T he management of respiratory distress syndrome (RDS) is generally based on the clinical presentation and the increasing fraction of inspired oxygen (FiO 2 ) requirement, which guides clinicians to consider administering surfactant. However, the dilemma regarding the ideal time to administer surfactant still exists. Early use of surfactant (within 2 hours of postnatal life) in RDS will decrease pneumothorax and bronchopulmonary dysplasia, and improve survival. [1] [2] [3] The identification of an infant who requires surfactant is usually based on the infant's requirement of supplemental O 2 . 3 In the current era, noninvasive ventilation in the form of continuous positive airway pressure (CPAP) at birth has become popular to avoid intubations and invasive mechanical ventilation. In such situations, it has also become challenging to decide when infants should be intubated based on increasing FiO 2 while the infant is on CPAP, in the absence of additional objective criteria.
The recent European consensus guidelines on the management of RDS-2019 Update suggest that infants with RDS should be given rescue surfactant early when infant is requiring a FiO 2 >0.3 on CPAP of at least 6 cm H 2 O. 3 The guideline also suggests that second and third doses of surfactant should be given if there is persistent increasing FiO 2 and persistence of RDS-like picture. 3 However, these guidelines have not mentioned an exact cut-off value of FiO 2 for administration of the second dose of surfactant.
Studies have shown that use of FiO 2 as a diagnostic criterion for deciding about administration of surfactant has a lower accuracy than lung ultrasound. [4] [5] [6] This modality was first used in the neonatal intensive care unit (NICU) almost a decade ago and is rapidly gaining popularity in modern NI-CUs. 7, 8 However, its role in decision making about the administration of surfactant in premature infants has not been explored extensively due to multiple factors including availability of ultrasound machine in the NICUs, training of personnel, and lack of evidence.
Copetti et al evaluated the role of lung ultrasound in 40 preterm infants (gestational age of 27.2 AE 2.7 weeks) with radiologic findings of RDS and found that lung ultrasound was a reliable screening tool for diagnosis of RDS and administration of surfactant. 8 However, this study was not blinded, and, therefore, the risk of bias existed. 8 Studies have developed a lung ultrasound score and used it to evaluate lung aeration and prediction of administration of surfactant when neonates were on CPAP for RDS. 5, 6 A study by Brat et al showed that the lung ultrasound score is a better predictor of the need for surfactant in preterm infants with gestational age of <34 weeks (area under the curve: 0.93; 95% CI 0.86-0.99, P < .01) than late preterm and term neonates (area under the curve: 0.71; 95% CI 0.54-0.90, P < .02). 5 This study included a total 130 neonates (gestational age of <34 weeks, n = 65; neonates ³34 weeks, n = 65). 5 In another study, lung ultrasound was predictive of the need for surfactant replacement in premature infants born £30 weeks with RDS and treated with CPAP. 6 Lung ultrasound performed just before surfactant administration accurately predicted the need for the first surfactant dose (area under the curve: 0.94; 95% CI 0.90-0.98, P < .0001) and also the need for the second dose of surfactant (area under the curve: 0.80; 95% CI 0.72-0.89, P < .0001) for premature infants £30 weeks of gestational age. 6 The limitations of other lung ultrasound studies included not performing ultrasound just before surfactant administration, no studies in <26 weeks of gestational age infants, lower predictive accuracy in late preterm and term infants, as well as for the second dose of surfactant administration. 5, 7, 9 None of the studies have assessed the sensitivity and specificity of the composite of lung ultrasound score in addition to the requirement of FiO 2 vs FiO 2 requirement only to predict the need of surfactant administration in extremely premature infants with RDS. [5] [6] [7] [8] [9] In a recent pilot study published in this volume of The Journal, Raschetti et al address the above question as a quality improvement project using either a lung ultrasound score or FiO 2 thresholds compared with FiO 2 thresholds only, to guide surfactant replacement therapy. 10 This study demonstrated that echography-guided surfactant therapy (ESTHER) improves the timeliness of surfactant administration in neonates born £32 weeks of gestation with RDS. 10 In this study, in the first 6 months of the "Plan-Do-Study-Act" cycle, surfactant was administered in the first 72 hours of life if the FiO 2 increased above 0.3 for infants £28 6/7 weeks and
The authors declare no conflicts of interest. above 0.4 for infants ³29 0/7 weeks of gestation. 10 In the second half of the study period, ESTHER criteria were used for surfactant administration including exceeding FiO 2 limits as above or the lung ultrasound score higher than 8, whichever occurred first. 10 It is not explicitly stated if this was irrespective of the type of respiratory support, though it is implied that the infant would be on CPAP in all instances. It is also not clear if the lung ultrasound was performed at specific times after the birth of the baby, which would obviously impact on the lung ultrasound score. The proportion of neonates who received surfactant within the first 3 hours of life was significantly increased (71%-90%; P < .001) and the maximal FiO 2 reached was reduced before surfactant replacement therapy (33%-40%). 10 The authors did not find any difference in the overall need for surfactant. 10 In addition to this, the Raschetti et al study also mentioned that there was a reduction in the need for invasive ventilation and increased ventilator-free days in the ESTHER group. 10 Using the "before-after" approach (similar to using "historical controls") and the fact that the lung ultrasound is obviously unblinded does run the risk of potential bias. Obviously, generalization of the results would be difficult because lung ultrasound is a learned skill, and this skill set may not be transferable as easily as practiced in the study NICU. Given that this was a quality improvement project, it was not powered to measure robust clinical outcomes for the infants. The sample size was also relatively small. We agree with the authors 10 that there is no requirement of extra cost to introduce ESTHER criteria in NICUs, if there is already a point of care (POC) ultrasound machine available in the NICUs. However, time will be needed to provide adequate training for lung ultrasound.
The use of ultrasound as a POC tool is increasingly being used in NICUs worldwide by neonatologists for a variety of purposes. [11] [12] [13] The use of POC lung ultrasound is becoming a practical option in modern NICUs for detection and/or management of various pulmonary diseases. 14, 15 The lung ultrasound has some benefits including lower exposure to radiation, easy to perform at bedside, can be repeated several times a day, and has a low cost. Lung ultrasound cannot replace chest radiograms for diagnosing of secondary complications of RDS, especially air leak syndromes, though pneumothorax can be detected by lung ultrasound. 16 The results of the lung ultrasound are influenced by respiratory support, gestational age, fluid intake, and pre-existing lung conditions. The POC ultrasound, including lung ultrasound, has a steep learning curve. and this modality does require acquisition of skills with training and practice by medical personnel in the NICU to gain experience to be able to use it effortlessly in modern NICUs. The availability of a lung ultrasound machine with an appropriate high resolution and a microlinear probe is a necessity for the ideal imaging of lungs. In the absence of enough evidence from multiple studies using lung ultrasound imaging in extremely premature infants, especially <26 weeks of gestational age, the use of lung ultrasound is unlikely to become a part of the standard of care of premature infants in modern NICUs. There is a need for large multicenter studies to determine the role of lung ultrasound for the prediction of early administration of surfactant to determine The Precarious Imperative of Home Nursing for Technology-Dependent Children H ome nursing care for technology-dependent children is a precarious imperative. The findings from the study by Sobotka et al in this volume of The Journal, documenting the delays in initial hospital discharge for children newly started on mechanical ventilation due to problems securing adequate home nursing, provide further important evidence of this dangerous state of affairs. 1 Without doubt, home nursing is imperative for this population. Since the 1960s, pediatric care has seen a remarkable increase in the range and effectiveness of medical technology, from mechanical invasive and noninvasive ventilation to extracorporeal membranous oxygenation to peritoneal dialysis to total parental nutrition. Starting most often in intensive care unit settings, we have witnessed a remarkable outmigration of many of these technologies, not only to other areas of the hospital or on medical transports, but all the way back into pediatric patients' homes. This trend was evident decades ago 2,3 and continues apace for patients on long-term enteral tube feeding and total parental nutrition, 4 patient-controlled analgesia, 5 and most recently mechanical circulatory support. 6 There are many reasons to believe that the size of this population, and the needs of these children and their families, will continue to grow.
The bellwether event in the migration of high-reward but high-risk technology out of the hospital was the movement of children on long-term invasive ventilation into the home setting, starting in the late 1970s with the development of ventilators suitable for home use, followed in the early 1980s by the establishment of the "Katie Beckett waiver" program by Medicaid to pay for home-based ventilator care. The subsequent "de-institutionalization" of children who otherwise would have been chronically hospitalized followed, and, for better and worse, with many of the same historical contours of other "de-institutionalization" movements. 7 Calls for more optimal developmental and least restrictive environments found allies in concerns about the high costs of hospital care. And, for a time, community-based programs were created and resourced to meet the need of these very vulnerable patients. But then, the dispersed nature of these children living in homes spread across the nation diffused the collective understanding of the intensity of their needs. With no central coordinating organization, there has been no systematic collection of data and subsequently no safety monitoring or incremental quality improvement. And, with the costs no longer piling up in hospitals, but instead shifted elsewhere, including onto the backs of individual families caring for their technology-dependent children, the commitment to funding regionally-coordinated, community-based programs eroded.
Increasingly precarious, then, is the home nursing situation for technology-dependent children as this technicalÀso-cialÀfinancialÀpolitical story unwinds. Important but underfunded. Vital but vaguely defined and poorly defended. Critical care but too diffused and divided for effective advocacy. Demanding but without clear training or quality standards. Risky but without systematic collection of safety data or quality improvement efforts. To rectify this situation, we need to admit just how precarious, and often outright broken, this system is, and then take steps to fix specific problems.
Costs and Cost Shifting
In an era of both rising costs and cost-containment rhetoric, home care-no matter how often shown to be cost-effective-is vulnerable. 8 The care of children with medical complexity is expensive. We need to stop doing studies focusing on costs and then acting surprised or alarmed by this tautological reality. Which children other than the medically (including behaviorally) complex are going to be expensive? Every distribution of expenditures conforms to some version of a skewed Pareto pattern, where a small minority have an oversized share of the total distribution. Instead, we should pursue a better set of questions: Who profits from these costs, and by how much? Is there reducible waste in these costs? Which costs are actually being counted, and
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